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[57] ABSTRACT 

A means for detecting carbon monoxide which utilizes an 
un-heated catalytic material to oxidize carbon monoxide at 
ambient temperatures. Because this reaction is exothermic, 
a thermistor in contact with the catalytic material is used as 
a sensing element to detect the heat evolved as carbon 
monoxide is oxidized to carbon dioxide at the catalyst 
surface, without any heaters or external heating elements for 
the ambient air or catalytic element material. Upon com- 
parison to a reference thermistor, relative increases in the 
temperature of the sensing thermistor correspond positively 
with an increased concentration of carbon monoxide in the 
ambient medium and are thus used as an indicator of the 
presence of carbon monoxide. 

6 Claims, 3 Drawing Sheets 
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SOLID STATE CARBON MONOXIDE 
SENSOR 

This application claims benefit of provisional application 
Ser. No. 60/016,669 filed Mar. 1, 1996. 

ORIGIN OF THE INVENTION 

The invention described herein was jointly made by 
employees of the United States Government, contract 
employees during the performance of work under a NASA 
contract which is subject to the provisions of Public Law 
95-517 (35 USC 202) in which the contractor has elected not 
to retain title, and an employee of Rochester Gas and 
Electric Corporation during the performance of work under 
a Memorandum of Agreement. 

BACKGROUND OF THE INVENTION 

The current invention pertains generally to the field of 
sensors used in the detection of carbon monoxide. In 
particular, this invention pertains to the use of an unheated, 
platinized tin-oxide catalyst in a sensor which detects the 
presence of carbon monoxide in the atmosphere or other 
oxidant-containing medium. 

Since carbon monoxide is such a toxic gas, the ability to 
detect its presence in environmental spaces such as homes 
and automobiles is very important. Public awareness of this 
problem has produced a great demand for low priced carbon 
monoxide sensing devices. Sensors currently available on 
the market, however, exhibit extremely long response times 
and lack sensitivity to low concentrations of carbon mon- 
oxide. In addition, all of these low-priced sensors exhibit 
inordinately long recovery times after exposure to carbon 
monoxide. 

Prior art methods utilize either complex and expensive 
instrumentation or devices utilizing conductance or spectro- 
scopic techniques to detect carbon monoxide. Most detec- 
tors currently on the market are based on the change in 
resistance of sintered tin oxide in the presence of carbon 
monoxide. In addition to the problems mentioned above, the 
sintered tin oxide in these detectors must be heated, which 
requires a continuous source of power. 

For the foregoing reasons, there is a need for a simple, low 
cost, low power carbon monoxide detector which operates at 
ambient temperatures. It is a primary object of the present 
invention to provide a carbon monoxide detector which 
exhibits these properties, as well as a faster response time 
than any other simple point-source sensor. 

SUMMARY OF THE INVENTION 

The present invention is directed towards a simple, low 
cost carbon monoxide sensor which rapidly detects the 
presence of carbon monoxide at ambient temperatures. A 
carbon monoxide detector having features of the present 
invention comprises a catalytic material which achieves 
oxidation of carbon monoxide to carbon dioxide at relatively 
low temperatures. The catalytic material which facilitates 
oxidation in the present invention is from a class of catalytic 
materials comprising one or more noble metals in combi- 
nation with a suitable reducible oxide. Since this chemical 
reaction is exothermic, heat generated upon the oxidation of 
carbon monoxide at the catalyst surface can be detected by 
a sensing element in contact with the catalytic material. An 
increase in temperature, and thus conductance, of the sens- 
ing element in relation to a reference element then serves as 
an indicator of the presence of carbon monoxide in the 
ambient medium. 
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DRAWINGS 

These and other features, aspects and advantages of the 
present invention will become better understood with regard 
to the following description, appended claims, and accom- 
5 panying drawings where: 

FIG. 1 shows the carbon monoxide sensor. 

FIG. 2 is a graph showing the response of the carbon 
monoxide sensor with relation to time and the concentration 
of carbon monoxide in the air. 

io FIG. 3 is a graph showing the sensor response as a 
function of the concentration of carbon monoxide in air. 

DESCRIPTION 

As shown in FIG. 1, a carbon monoxide sensor comprises 
15 a reference thermistor 1 and a sensing thermistor 2 which are 
attached to opposite legs of a Wheatstone bridge circuit 3. 
The reference thermistor 1 comprises an uncoated 8 kilo- 
ohm precision thermistor which is used in the reference leg 
of the Wheatstone bridge circuit 3 to cancel out any changes 
in room or gas temperature. The sensing thermistor 2 
20 comprises an 8 kilo-ohm precision thermistor which is 
surrounded by a catalytic material which exothermically 
oxidizes carbon monoxide to carbon dioxide at ambient 
room temperatures. Two trim potentiometers 4 were added 
to the leg of the bridge circuit containing the sensor to 
25 compensate for any differences between the reference and 
the sensing thermistors. 

Within said Wheatstone circuit 3, a nano-ammeter 5 
serves to measure the bridge imbalance which occurs upon 
the change in temperature of the sensing thermistor 2 in 
30 relation to the reference thermistor 1. A DC voltage calibra- 
tor 6 with a stability of ±10 microvolts is used to apply a 
signal of 800 millivolts across the Wheatstone bridge circuit. 

When in operation, the two thermistors, 1 and 2, remain 
exposed to the environment of interest so they may respond 
35 to concentrations of carbon monoxide and temperature 
changes in the ambient medium. In the presence of carbon 
monoxide, the sensing thermistor increases in temperature 
relative to the reference thermistor due to the exothermic 
nature of the oxidation of carbon monoxide. Upon an 
40 increase in the temperature of the sensing thermistor in 
relation to the reference thermistor, the two legs of the 
bridge circuit exhibit different resistances, which generates 
an electrical current in the Wheatstone bridge circuit 3. The 
presence and intensity of these currents are detected and 
reported by the nano-ammeter 5, which thus indicates the 
45 presence of carbon monoxide in the ambient medium. 

In a preferred version of the present invention, the cata- 
lytic material in contact with the sensing thermistor com- 
prises one or more noble metals combined with a reducible 
oxide. In particular, the sensor which is used in the following 
50 example is based on platinized tin-oxide (Pt/Sn0 2 ), which is 
the subject of U.S. Pat. Nos. 4,885,274; 4,912,082; and 
4,991,181. 

There are many ways in which the method of contact 
between the sensing thermistor and the catalytic material 
55 may be changed within the basic concept of the present 
invention. In the following example, the sensing thermistor 
2 was fabricated by inserting the thermistor leads into a 
teabag filled with powdered catalyst material and sealing the 
bag. However, many other methods for obtaining a high 
60 active catalyst surface area in close proximity to the ther- 
mistor are also being evaluated. 

EXAMPLE 1 

Sensor Response to Calibration Gases Containing 
65 Known Concentrations of Carbon Monoxide 

Four calibration gases containing 50, 100, 100, and 500 
ppm carbon monoxide in air were used to establish the 
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response of the sensor. A cylinder of dry air was used to 
purge the system and to zero the sensor before and after each 
run. A 4-way gas valve was used to select the desired gas. 
Gas flow-rate was controlled and monitored by using a mass 
flow controller calibrated for air. A needle valve was placed 
upstream from the flow controller to prevent the flow from 
exceeding the capacity of the controller. Data were acquired 
on a 286 computer that used a IEEE bus to communicate 
with the nanoammeter and flow rate monitor. Data was 
collected every 10 seconds and smoothed using a three point 
running average. Upon initiation of run, elapsed run time, 
bridge current, flow rate, and gas type were written as an 
ASCII data file on diskette. Final data analysis and display 
were done with a graphing program. 

At the start of each run, the sensor probe was allowed to 
equilibrate with dry air flowing at 30.0 standard cubic 
centimeters per minute in the system. After the sensor 
stabilized, the bridge was zeroed using the trim potentiom- 
eters. Several data points were taken with pure air flowing 
and then the gas was switched to one of the carbon mon- 
oxide calibration standards while maintaining the same flow 
rate. Data was typically taken for 20 to 30 seconds at the 
selected concentration and then switched to another concen- 
tration. Finally the gas stream was switched to air to check 
for zero at the end of the run. 

In the figures which follow, FIG. 2 provides a good 
indication of the response time, stability and repeatability of 
the sensor; FIG. 3 shows the response of a newly fabricated 
sensor as a function of carbon monoxide concentration for 
four consecutive runs. 
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While the invention has been described in terms of its 
preferred embodiments, those skilled in the art will recog- 
nize that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 

5 We claim: 

1. A sensor for detecting the presence of carbon monoxide 
at ambient temperatures in the atmosphere, or other oxidant- 
containing media by measuring the change in enthalpy 

10 according to a change in temperature of a coated sensing 
thermistor as the carbon monoxide is converted into carbon 
dioxide, comprising an uncoated reference thermistor and a 
coated sensing thermistor. 

2. The sensor of claim 1, wherein the reference thermister 

15 is an uncoated 8 kilo -Ohm thermister and the sensing 

thermister is a 8 kilo-Ohm thermister which is coated with 
an unheated catalytic material which exothermically oxi- 
dizes carbon monoxide to carbon dioxide. 

3. The sensor of claim 1, wherein said unheated catalytic 

20 material comprises one or more noble metals combined with 

a reducible oxide. 

4. The sensor of claim 2, wherein said unheated catalytic 
material comprises one or more noble metals combined with 
a reducible oxide. 

25 5. The sensor of claim 1, wherein said catalytic material 

is in powdered, granular or monolithic form. 

6. The sensor of claim 2, wherein said catalytic material 
is in powdered, granular or monolithic form. 
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